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IN NATURAL ECCSYSTEMS AND AGROCENOSES 


This is a synthesis of studies based on own papers published earlier, some with other authors. 
The effect of some environmental and antrhopogenic factors on the occurrence of nematodes is 
discussed. Analysis of species. trophic and functional structures, including energy flow, allowed 
to estimate the distinct character of nematode communities in different types of ecosystems. 
Nematodes from the group of pantophages and predators are characteristic for natural. or close 
to natural, ecosystems, whereas nematodes from the group of bacteriophages and phytophages 
— for crop-field ecosystem, In the former case the high abundance of both groups proves higher 
stability of the biocenosis. in the latter — proves the relation with anthropogenic factors. 
Analysed parameters were: numbers, biomass, respiratory metabolism. consumption and 
production. This allowed to determine the energy flow reaching the nematode community and 
the amount of energy which through nematodes reach higher trophic levels. 
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1. INTRODUCTION 


Undoubtedly, soil and its fertility depends on the joint activity of plants, animals, micro- 
organisms, physical and chemical factors; still the effect of animals. especially, is not much 
known and therefore more attention should be given to this subject. Recently, the soil animals 
are accorded a greater significance in the process of soil formation (Ed wards 1969, 1973). 
Mezofauna is very essential for the decomposition of litter although the total biomass of its 
individuals is very small (Balogh 1969). The role of nematodes as one of the main 
components of soil mezofauna is not sufficiently studied yet, both as regards the 
decomposition, cycling of matter and energy and co-action with other organisms. 

Nematodes are ubiquists and they practically colonize all environments. The differentiation 
of the nematofauna of these environments is first of all in numbers, both biocenotic and 
trophic structure, and therefore the role of nematodes varies in the biocenosis. The lack of 
uniformity of soil nematode communities from the point of their function is due to the 
participation of bacteriophages, mycophages, parasites of higher plants, pantophages and 
predators. The quantitative level of each group is a result of various processes. It seems, that 
nematode communities form variously under natural and anthropogenic environments. 
Minderman (1956) has already suggested that nematode communities in natural 
environments are more stable than on crops. He even used the term "bufferred" to describe the 
condition under which the co-existing species do not attain excessive numbers, i.e. mass 
occurrence. Over tha last 20 years since this has been mentioned the nematodes — plant 
parasites and their control were studied because of practical needs, whereas not much though! 
was given to ecosystem analysis of nematode occurrence. Recently published are papers on 
analyses of the function of nematode communities in natural ecosystems as compared to those 
transformed or formed by man. It is a common belief that natural ecosystems are more 
differentiated and thus more stable and resistant to the disturbing factor than the agrocenoses. 
Agroecosystems have an ephemeral plant cover, are less differentiated and less stabilised as 
regards biocenosis. | : 

An estimation of the role of nematodes in the matter cycling and in the flow of energy is 
based on determining the energy inflowing to the nematode community and the energy stores 
which nematodes may transfer to other trophic levels (Macfadyen 1949, Kle- 
kowski 1970). Nematodes which have short life cycles cause faster rotation of organic 
matter in soil. Simultaneously they increase in soil the retention of several chemicals of which 
their body consists. A quantitative estimation of trophic groups allows to describe nematodes as 
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components of trophic network of soil organisms. Une of the aims of this paper is to point the 
position of nematodes in the trophic relations of the ecosystem. 
This is a synthesis of studies, where results are based on my own papers which have been 
already published also together with other authors. Some unpublished yet results are also given. 
The distinct character of such ecosystems as grassland, forest and crop-field, concerning 
nematode communities, has been analysed by means of biocenotic structure (degree of 
similarity and diversity), trophic structure and an analysis of the function (energy flow). 


2. INVESTIGATED AREA 


In each ecosystem the sites were chosen in such a way as to represent a considerably broad 
range of variability of conditions differentiating the environment, as resources and soil 
moisture, also utilization. 
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Zakopane 


Fig. 1. Distribution of sites in Poland 


The sites given in Table l are described in detail in the papers already published, the 
literature is given for each site. The sites examined are from central, southern and western 
Poland (Fig. 1), thus the conclusions do not have a local character, but are à kind of assessment 
for the whole country. The two sites from beyond Poland, the pasture in Bulgaria and 
coniferous forest in Canada, which are analysed by the same methods as sites in Poland, have 
been useful to illustrate the possible geographic differences. The environment of "decomposing 
plants”, artificially created, shows the position of plant remains in soil (Table 1). Still, basically, 
in each ecosystem under suitable conditions a “point“ development of saprobiotic nematodes 
may take place. It is important as a specific life environment for nematodes till the moment of 
full decomposition of plant material. 


hte I 


Sites examined 


Subject of 


ы m Author 
investigations 


Characteristics Area 


2 a 


Environment of decomposing plants. The introduced into soil dried rye shoots, collec- Poznan region, 
ted at the lime when the blade is formed, were part of the experiment on decompo- | near Turew 
sition of organic matter in soil. The role of fauna, including nematodes, was analysed 

over 1—16 weeks. The community of nematodes was ephemeral as after 16 weeks 

their number approximated that in adjacent soil. The fresh weight of blades of rye in 

one bag was 180 g, 180 g of soil used in the analysis was from a surface of 8 em”. The 

calculations per 1 m? were made 


after 8 weeks since 
introducing 

the material to 
soil 


Paplińska in pre- 
paralion 


Grassland ecosystems 


Wasilewska 
1974d 


numbers, biomass, 
respiratory meta- 
bolism — once a 
month over a year, 
Production and 
*onsumplion we- 
re evaluated 


Jaworki, Pieniny 
mountains 


Montane pasture, an unulilized part, brown soil, 4-5% of humus, plant associa- 
lion Lolio-Cynosuretum R. Tx. 1937 


Wasilewska 
1974d 


Jaworki, Pieniny | see site No. 2 


mountains 


Montane pasture, grazed by sheep over the vegetation season. For other details see 
site No. 2 


Wasilewska 
1974d 


Jaworki, Pieniny} sce site No. 2 


mountains 


Montane pasture, place of sheep folding. Over the season the sheep stayed in pens 
for 2—3 nights thus providing 500 g d.wt. of faeces per 1 m?. For other details see 
site No. 2 


Wasilewska 
1974b 


numbers, biomass 
in summer and 
winter of one year 


near Sofia, Bul- 
garia 


Montane meadow, periodically grazed, brown-clayey soil with sand, 2—3% humus, 
Chrysopogon gryllus — Andropogon ischaemum plant association 


Bysmafisey Pu&on] 


001 


8 


9 


10 


Cultivated meadow of Arrhenatheretum medioeuropaeum Oberd, 1952, brown 
soil abundant in humus, good mineral fertilization 


“Bródno” farm 
near Warsaw 


numbers, biomass 
respiratory meta- 
holism — once a 
month over two 
years. Production 
and consumption 
were evaluated 


Wasilewska 
1976 


Cultivated meadow on the upper Vistula River terrace, fertile alluvial soil of 
earthy brown type 


Cultivated meadow, for details see site No. 7 


Dziekanów Pol- 
ski near Warsaw 


Dziekanów Pol- 
ski near Warsaw 


numbers (recalcu- 
lated) ace, to sam- 
ples taken three 
limes in one year 


see site Мо, 7 


Sandner and 
Wasilewska 
1970 


Sandner and 
Wasilewska 
1970 


Cultivated meadow, for details see site Мо, 7 


Dziekanów Pol- 
ski near Warsaw 


Mid-forest meadow, marshy acid soil, periodically with stagnant water 


Mid forest meadow, for details sec site Мо. 10 


Kampinos sec site Мо, 7 
Forest 
Kampinos see site No. 7 
Forest 


Mid-forest meadow, the same characteristics as for site Мо, 10, but the period 
of water stagnation is longer than on the other two sites 


Mid-forest meadow, characteristics as for site Мо. 10, but the period of waler 
stagnation is the longest 


Kampinos 


see site No. 7 


Forest 
Kampinos see sile No. T 
Forest 


Sandner and 
Wasilewsla 
1970 


Sandner and 
Wasilewska 
1970 


Sandner'und 
Wasilewska 
1970 


Sandner and 
Wasilewska 
1970 


Sandner and 
Wasilewska 
1070 
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Table L (contd) 


ГУ 


Forest. ecosystems 


Afforested dune, podzolic soil, well aerated, 1.58% humus, 48% cover of уазси- 
lar plants, with 17—20 years old pines and an admixture of other tree-species 


Kampinos 
Forest, the so- 
-called site D 


numbers, biomass, 
respiratory meta- 
bolism — once a 


month over a year.| 


Production and 
consumption were 
evaluated. The last 
three parameters 
were recalculated 
acc. to the later 
method (W a si - 
lewskal975a) 


Wasilewska 
1970, 1971d 


Afforested dune, 1.25% humus, 27% cover of vascular plants, age of pine са 
12 years 


Afforested dune, 0.40% humus, 22% cover of vascular plants, age of pine ca 
10 years 


Kampinos 


Forest, the so- 


-called site C 


Kampinos 
Forest, the so- 
-called site В 


see site No. 14 


see site No. 14 


Wasilewska 
1970, 1971d 


Wasilewska 
1970, 1971d 


18 


Afforested dune, 0.24% humus, 10% cover of vascular plants, age of pine са 
G years 


Kampinos 
Forest, the so- 
-called site A 


see site No. 14 


Wasilewska 
1970, 19718 


Xerothermic oakwood, age са 135 years, plant association Potentillo albae- 
-Quercetum Libbert 1933, 2.13% humus, 55% cover of vascular plants 


Kampinos 
Forest, the so- 
-called site E 


see site No. 14 


Wasilewska 
1970, 19714 


19 


Dry pine forest, age са 135 years, plant association Cladonio-Pinetum Koben- 


dza 1930, 2.29% humus, 10% cover of vascular plants 


Kampinos 
Forest, the so- 


-called site F 


see site No. 14 


Wasilewska 
1970, 19714 


201 
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Acidophilous oak-pine forest Pino-Quercetum Kozłowska 1925, podzolic soil Kampinos 
abundant in humus Forest 


see sile No, 7 


Sandner and 
Wasilewska 
1970 


Forest — ecotone Pino-Quercetum Kozłowska 1925 and Сагісі elongatae.Alne- Kampinos 
tum Koch 1926, hightly moist substrate, in spring water stagnation Forest 


see site No. 7 


Young pine plantation, 15 years old, III-V class of bonitation Kampinos 
Forest 


numbers — twice 
over a year 


Sandner and 
Wasilewska 
1970 


Wasilewska 
1971d 


Temperate moist coniferous forest, type of plant association. Kurhynchio (ore- south-western 
gani) — Mahonio-Psedotsugo (menziesii) — Tsugetum heteropbyllae V. |. Kra- British Columbia, 
jina 1909 Canada 


Crop-field ecosystems 


numbers, biomass, 
respiratory meta- 
bolism — once a 
month in winter 
and spring 


Wasilewska unpu- 
blished data 


Winter rye, podzolic soil, 0.58% humus. Shortened crop rotation: winter rye, Poznań region, 
rye for aftercrop, potato near "l'urew 


numbers, biomass, 
respiralory mela- 
bolism — onec а 
month over a year. 
Production and 
consumption were 
evaluated. The 
three last parame- 
ters are recalci 

ted ace, to the la- 
ler method (W a 
silewska 
1975a) 


Potato crop close to the former site, 0.69% humus, the same shortened crop Poznan region, 
rotation type near Turew 


see sile Мо. 24 


Wasilewska 
1974c 


Wasilewska 
1974c 
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3. METHODS 


In order to analyse the trophic structure and function of nematode communities the 

following quantitative parameters were examined: 

1. numbers 

2. biomass 

3. respiratory metabolism (oxvgen consumptio — К). 

VI other parameters, or features analysed. were obtained on the basis of these three 
parameters, They were also used to estimate both the entire nematode community and the 
selerted trophic groups. 

Samples were taken by a soil core. 2 em? the opening and 50 em? of eapavity. On one site, 
at random. 20 core-samples of soil were taken down to 25 em. The majority of nematodes were 
found in the soil profile to this depth (Nielsen 1949, Wasilewska 1974а). The 
sampled soil after being mixed was the initial sample. from which +sub-samples for the 
extraction of nematodes were taken, each of 25 ml. The nematodes were extracted by modified 
Ваегтапп = method (also called the filter method of Oostenbrink) by using tight sieves and 
placing there a very thin soil layer and leaving it on the funnel for 2—3 days. The efficiency of 
this method is estimated as 70—804. All nematodes from sub-samples ready for extraction or 
some of their parts (1/20 or 1/10) were analysed. On the majority of sites samples were taken 
once a month over the whole vear. In estimations of numbers of nematodes in ecosystems sites 
were included for which evaluations of mean annual numbers were based on a lower number of 
samples (this is indicated in Table 1). In the last case. samples were taken in periods of the 
highest and lowest density of nematodes in the soil. 

The body weight of nematodes was determined by Andrdssy's (1956) method — linear 
measurements of the body and then mathematical calculations of the volume. The biomass 
consisted of the sum of weights of individuals in a sample. Both numbers and biomass were 
determined from the same samples. 

X special methodical research (Wasilewska and Paplińska 1976) on the method 
of sampling the soil allowed to state that the above method of soil sampling and analysing the 
sufficiently precise for estimating the numbers and biomass of nematodes and to 


nematodes is 
define the biocenotic and trophic structure of their communities. 

Estimations of respiratorv metabolism of nematode community was a sum of oxygen 
consumption by particular individuals in a sample. Values of respiratory coefficient of 
nematodes were calculated from the equation of Klekowski. Wasilewska and 
Paplińska (1 ). In the formula R = 1.40 ]9-2. R is the amount of oxvgen taken by 
an adult individual in a time unit, ЈУ — weight of this individual. In order to make the work 
more efficient tables with oxygen consumption ђу individuals of different weight were given 
and having the weights of examined individuals the oxygen consumption was read. Juvenile 
stages of nematodes respire from 1.5 to over thrice as much than adults (Klekowski, 
Wasilewska and Paplinska 1974). Only adult and juvenile ‘individuals were 
distinguished. [t has been assumed, that juvenile stages consume on the average twice more 
oxygen than adults. Oxygen consumption was determined for the temperature of soil at the 
moment acc. to Krogh's curve, modified by Winberg (1968). The cumulated respiratory 
metabolism (respiration) which is a sum of values calculated for particular months was 
determined. Similarly as Y eates (1972) an oxycaloric equivalent was used for nematodes — 
4.8 kcal per | litre of oxygen. 
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Furthemore, production and consumption were estimated. Production of nematodes was 
evaluated using Engelmann's (1966) equation showing the relation between costs of 
maintenance (R) of a group of animals and net production. For poikilotherm invertebrates: 
log R = 0.62 + log P, where R — amount of oxygen respired by population (group), and P — net 
production, both in kcal/m? /year. The problem of faeces was not studied in detail in this paper. 
The assumption of Kitazawa (1967) has been used — consumption is twice higher than 
assimilation which is a sum of production and costs of maintenance. This approach does allow 
to estimate the lowest consumption. Another thing is that it does not include the specific 
properties in this respect of particular species and trophic groups as a whole. Such data are 
distinctly missing. Nevertheless, the method applied here is in my opinion the closest to reality 
because it is based on costs of maintenance of individuals of a different size, age and at a 
particular temperature, and thus indicates the situation for the whole year. 

The trophic structure was analvsed on the basis of classification of genera. mainly acc. to 
Goodey's (1963) classification. There are considerable difficulties in classifying nematodes 
to right trophic groups, because the way of life of many nematode species is not known 
sufficiently, and because in many species the phenomenon of subsidiary feeding can be 
observed, e.g., mycophagism and parasitism of higher plants. mycophagism and predation. The 
division into trophic groups is made according to the existing knowledge. If there is a lack of 
data the individual is given a trophic category according to its morphological structure 
indicating the way of food consumption. 

All individuals, identified to their genus in a sample, are classified into one of the five 
trophic groups (acc. to literature and own observations — Wasilewska 19710). ie. 
bacteriophages. mycophages, phytophages, pantophages and predators. For some sites, the 
species of nematodes are given. 

Estimations of the numbers of individuals in genera allowed to state the similarity degree 
between particular sites on the basis of percentage relations of distinguished taxonomic units, in 
this case genera. The similarity index of Marczewski and Steinhaus. presented by Ro ma - 
niszyn (1972), was used. The percentage of particular genera were compared, each with 
each as a principle: 


where 5 — similarity of two compared sets (range of coefficient variability fluctuates from 0 to 
100%. and 100% is the highest similarity), W — sum of lower percentages of each pair of 
compared genera from both sites. A diagram of the similarity of nematode communities, 
according to the values of this index, is given. 

The diversity degree of nematode communities was estimated by Shannon index of diversity 
(Odum 1977): 


Н = — P, log; P, 


where Р, is importance probability for each species. On sites examined a proportional relation 
was observed between the diversity of species and diversity of genera (Fig. 2). This allowed to 
compare the diversity index between ecosystems on the basis of genera. The index of diversity 
of genera was calculated for 26 sites from three ecosystem types. 
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Fig. 2. Shannon index of diversity (H) of species (1) and of genera (2) 


4. NUMBERS OF NEMATODES 


4.1 THE RANGE OF NUMBERS AND BIOMASS ACCORDING 
TO OWN AND LITERATURE DATA 


The literature provides many estimations on the density of nematodes — pests and parasites 
of higher plants, but data on all soil nematodes are scarcer. The report by Sohlenius*, and 
Zullini's (1975) review contain such estimations together with the more recent ones 
(Ferris У.Е. and Ferris J.M. 1974, Smolik 1974, Huhta and Kosken- 
niemi 1975). Figures 3 and 4 are made on the basis of these data, and the data cited by 
Zullini (1975) are fulfilled with source data of Nielsen (1949), Franz (1950), 
Zlotin (1969), including my data on the sites presented in Table 1. Figure 3 gives the data 
on the numbers of nematodes in 34 grasslands, 33 woody areas, 19 crop-fields and 18 other are- 
as as, e.g., bogs, moors, coastal dunes and the arctic area. Altogether 82% of sites are from 
European environments, 10% — temperate zone of Northern America and the rest — from other 
areas. Biomass estimations are for a smaller number of sites (Fig. 3). The literature data 
concerning the numbers and biomass of nematodes in different types of habitats are from 
various years and various methods have been used. More information can be expected when all 


*Unpublished material presented at a IBP Meeting in Louvain, Belgium in 1972. 
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Fig. 3. Numbers and wet biomass of nematodes 
1 — after the literature data. 2 — author's data for Poland. 3 — author's data for sites apart from Poland 


IBP investigations will be summed up. According to the data mentioned, the numbers of 
nematodes in soil ranges from 60 thousands to 30 millions ind./m^, and the biomass is 
170-17 800 mg/m? (Fig. 3). Nematodes are very abundant on grassland and forest areas 
(several thousands up to 30 mill. ind./m?) and less xo in agrocenoses and on other areas (Fig. 3). 
Similarly, the fluctuations in biomass are greater in- natural ecosystems than in agrocenoses 
(Fig. 3). Analyzing the number of sites with the same density of nematodes one can observe 
differences between natural ecosystems (grassland and woody areas) and crop-fields (Fig. 4). 
The distribution curves of frequency of nematode numbers in particular density classes have 
several peaks in natural ecosystems, whereas in agrocenoses this variability is expressed by a 
curve with one peak, resembling the random distribution. On the basis of material analysed it 
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Fig. 4. Frequency distribution curves of nematode numbers according to literature and author's data 
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can be said that in the temperate zone, on grasslands, the majority of sites show values of 
1—4 mill. ind./m? , on woody areas — 1—3 mill. ind.[m?, on crop-fields, on almost all sites — 


1-5 mill. ind./m*, whereas on other areas the values are usually within the range 
0.1—1 mill. ind./m* (Fig. 4). 


4.2. RANGE OF NUMBERS ON SITES EXAMINED 


Within the sites of grassland, forest and crop-field ecosystems the numbers of whole 
nematode communities ranged widely (Fig. 5). Smaller numbers of nematodes were recorded in 
the soil of mid-forest meadows with periodically stagnant water and on marshy soil, whereas 
greater numbers — in the soil of cultivated meadows and pastures. On the other hand, the 
numbers were higher in mixed forests and in afforested dunes with pine and abundant plant 
cover, and lower — in dry pine forests or very wet ones. In agrocenoses of the Poznań region, 
i.e., under conditions of intense agriculture, the numbers of nematodes were much higher than 
in agrocenoses of Warsaw region. 


Fig. 5. Range of numbers of nematodes on examined sites of grassland (А), forest (B) and crop-field (C) 

ecosystems A. 1 — cultivated meadows, 2 — montane pastures. 3 — mid-forest meadows, periodically with 

stagnant water, 4 — Bulgarian pasture. B. 1 — afforested "older" dune covered with pine with other tree- 

-species and пихед forests, 2 — "intermediate" afforested dunes and dry pine forests, 3 — "younger" 

afforested dune and wet alderwood (ecotone), 4 — moist temperate coniferous forest in Canada, C. 1 — agro- 
cenoses in the Poznań region, 2 — agrocenoses in the Warsaw region 


The numbers of nematodes from the areas beyond Poland (sites No. 5 and 23 in Table 1) 
stay within the range for our country. 


9. MAIN FACTORS DETERMINING THE NUMBERS OF NEMATODE COMMUNITIES, 
THEIR TROPHIC AND SPECIES STRUCTURE 


Because of the differentiated numbers of nematodes on sites examined it is interesting to 
find the causes. One may assume that essential are both, the effect of such environmental 
factors as soil moisture, humus content, plant succession and the effect of such anthropogenic 
factors as species, and age of cultivated plant and forecrop, fertilization and influence of 
chemicals on the environment. 
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5.1. THE EFFECT OF PLANT SUCCESSION 


The effect of plant succession on communities of soil nematodes has been treated rather 
marginally in the world literature. Elements of such an analysis may be found in the classical 
work of Nielsen (1949), who has observed a relation between the degree of plant cover, 
humus content and the number and abundance of nematode species. In Poland, Kisiel 
(1970) has studied the effect of plant succession of coastal dunes on nematodes and he gave 
the qualititatis e and quantitative differentiation of the whole nematofauna. It depended also on 
vegetation and humus eonteni 


Tabie 2 


Relation between the numbers. biomass and respiratory metabolism of nematodes and the vegetation 
accession on afforested snes ot rhe Kampinos Forest (ace, to Wasilewska 1970. 19714, changed) 


No. 14 ] 


Humus in soil (fe) 

Age of pine in vear- 
| ————— 
Cover bv vascular plant- 


Cover bv mosses and lichens «++ 


Mean annual number of nematodes ~ 000/17 


| Mean annual biomass of nematodes (mg/m? ) 665 ! a9! | 
Mean annual respiratory metabolism (keal/m?/year) SI 17.7 37.8 33.2 
Numbers of bacteriophages (%) 30 13 4b | 12 | 
Biomass of bacteriophages (5) 10 B 28 Н 30 о j 
| AA: | = 
Numbers of pantophages (<) 32 9 9 H 3 
-— —Ą 
Biomass oi pantophages (fc) vt | 49 Lej 31 


No. of sites as in Table 1. 


The effect of plant succession on trophie structure of the community of soil nematodes was 
observed in the afforested dunes of the Kampinos Forest (Wasilewska 1970, F971d). The 
succession was analysed on several sites, starting from a dune scarcely covered with vegetation 
and with a low humus content in soil. up to a dune with older forest stands, covered by vascular 
plants to a greater extent and with higher content of soil humus. Together with the succession, 
the numbers. biomass and respiratory metabolism increased (Table 2). The trophic structure of 
the community of nematodes changed — the percentage (concerning numbers. biomass and 
respiratory metabolism) of bacteriophages increased, whereas of pantophages decreased 
(Table 2). Absolute numbers of pantophages increased together with succession. Numbers 
increased always faster than biomass in all ecological groups. Fhe number of facultative plant 
parasites increased quicker than that of obligatory ones. 
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5.2. THE EFFECT OF ENCESSIVE OR UNSUFFICIENT SOIL MOISTURE 


The effect of soil moisture. broadly discussed in the case of nematodes. -– plant parasites 
(Wallace 197]. Simons 1973) requires more details as regards entire nematode 
communities. 

This effect has been analysed on an example of meadow environment and afforested dunes 
(Sandner and Wasilewska 1970). The numbers of an entire nematode community 
and of particular trophic groups in a range of meadows were investigated. starting from a well 
cultivated meadow with temperate moisture conditions, up to mid-forest meadows with a long 
period of water stagnation. The worse conditions for nematodes were there where water 
stagnation lasted the longest. resulting in bad aeration conditions. Under these conditions the 
numbers of nematodes were several times lower. whereas the phytophages and bacteriophages 
reacted very strongly. and among the pantophages (Dorvlaimida) the hydrophilous species 
appeared. 


5.3. THE EFFECT OF CULTIVATED PLANTS 


The effect of different species of host plants. and also the effect of plants used as forecrops 
were first of all analvsed in relation to nematodes — plant parasites (Oostenbrink 1960). 
Such effect upon different trophic groups of nematodes is unsufficiently known vet, although 
already initiated in Poland (Kozłowska 1967). This author has observ ed that the 
percentage of phytophages was higher in the barley crop as an aftercrop of sugar beet than in 
this sugar beet crop. 


Table 3 


Comparison of numbers. biomass and respiratory metabolism of nematodes 
in the rye and potato crops (acc. to Wasilewska 1974c, changed) 


Parameter 


Numbers (10 m?) 
Biomass (mg/m* ) Е 
Respiratory metabolism (kcal/m" /year) 


The effect of cultivated plant on the trophic and species structure of nematodes was 
analysed on the example of rye and potato crops (Wasilewska l974c, Wasilewska 
and Paplińska 1975) and at various forecropsof potato (Wasilewska 1969). In the 
Poznań region two crops were investigated: rye and potato. in close vicinity and under similar 
environmental-soil conditions. Nematodes on these crops differed in numbers, biomass and 
respiratory metabolism (Table 3). On the rye crop there was more nematodes, which was 
practically valid for all trophic groups. The greatest, however, differences concerned 
mycophages which were much more abundant on гуе crop. 

The effect of forecrops on soil nematodes on the potato crop showed not only changes in 
numbers. but also in the species structure of nematodes. This was also confirmed on the 
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Table + 


Comparison of numbers of nematodes on potato crop cultivated after alfalfa and cereal plants 
(aec. to Wasilewska 1069, changed) 


Numbers of nematodes in Numbers of Meloidogyne sp. 
100 ml soil larvae in 100 ml soil 


Potato forecrops 


Alfalfa 
Cereals 
field No. 1 
field No. 2 


example of alfalfa and cereal plants used as forecrops for potato. Five years of alfalfa егор as 
potato forecrop, favoured the maintenance of a relatively high number of nematodes in soil 
under potatoes (Table 4). On the potato «rop. after alfalfa. the numbers of species of the genera 
Tylenchorhynchus. Tylenchus, Aglenchus. Aphelenchoides. and mainly of the genus 
Meloidogyne were higher as compared to the potato crop after cereal plants. 


5.4 THE EFFECT OF THE AGE GF CROPS 
The problem of changes in the rommunities of nematodes. advancing with age of егор. as 


the majority of problems discussed here, was observed mainly on the example of a group of 
parasitic nematodes. It is known that the youngest plants are most easily infested by parasitie 


nematodes. but good growing vonditions protect plant» against parasites and disaese=. The 
problem of changes in the dominance structure of species depending for how long the 
environmental conditions remain stable. ts not new in ecology. but in nematologv. 


Table 5 


Mean annual numbers of nematodes in soil and roots depending on the 
year of alfalfa cultivation (aec. to Wasilew ska 10675, changed) 


Year of cultivation 


per 1 g fresh root weight 


The effect of the age of crop on the trophic structure of nematode community has been 
analysed on the example of alfalfa (Wasilewska 1967a, 1967b). The effect of age of стор 
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Table 6 


Number of nematode species — dominants and influents depending on the 
year of alfalfa cultivation (асс. to W a sil e w ska 1967b. changed) 


Year of cultivation ~ 


Site 
1 3 5 


in soil 


in roots 


2 
Хо: 21 | 15 20 


iroplu groups in a community of soil nematodes de- 
Yeur of alalis cultivation (acc. to Wasilewska 1967b. 
cnanged ) 


Year of cultivation 


3 


bacteriophanges 


— 


n the numbers of parasitic nematode species in soil and plants is also discussed on the example 
alfalfa (Wasilewska 197la). The total numbers of nematodes in the soil of alfalfa crop 
slightly inereased over the succeeding vears of crop. When comparing one- and three-vears old 


crops the numbers of nematodes greatly increased in roots. whereas when comparing three- and 
лезу ears old erop the increase was insignificant (Table 5). Together with the age of crop the 
number ol species inereased and the dominance structure of the community changed. The 
number af dominant and influent species increased in plants and in soil thus weakening the 
single species (Table 0). Мао the proportions of trophie groups in nematode 
increased. whereas that of 
bacteriophages deereased (Table 7). The numbers of obligatory parasites (Ditylenchus 
medieaginis Wasilewska 1905. Pratylenchus pratensis (de Man 1880) Filipjev 1936. Р. penetrans 


dominance af 
community changed — the contribution of phytopham 


(Cobh TAT). Chitwood. Смена 1952. Helicotylenchus canadensis Waseem 1961. Paratylenchus 
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aciculus Brown 1959, P. microdorus Xndrássy 1959, P. nanus Cobb 1923 and Weloidogyne hapla 
Chitwood 1949) increased in successive years of crop. Still, the numbers of Tylenchorhynchus 
dubius (Biitschli 1973), Vilipjev 1930 and T. brevidens Allen 1955 decreased in the fifth year of 
crop as compared with the third vear. 


55. THE EFFECT OF MANURING BY SHEEP DUNG 
Aceumulation of organie matter is as a rule good for the development of bacteriophagous 
nematodes (Sadek 1965, Sohlenius 1973). Thus it should be expected that their 


numbers increase when provided with organie matter. 


Table 8 


Respiratory metabolism (kcal/m? year) of a trophic groups of 
nematodes on а montane pasture depending on manuring by 
sheep dung (acc. to Wasilewska 19744. changed) 


Sites in the order of increasing 
manuring 


Trophic groups 
of nematodes 


Bacteriophages 
Mycophages 
Phytophages 
Pantophages 
Predators 


Total 


L 


The eflect of manuring by sheep dung on the trophie structure of nematode community has 
been analysed on (ће example of a montane pasture (Wasilewska 19744, 19750). 
A group. ol bacteriophages depended considerably оп manuring by sheep dung. because the 
numbers und respiratory metabolism of this group were always higher on such sites (Table 8). 
Similar tendency has been observed for mycophages. In both cases it is probably due to more 
intense desomposition. ie. development of bacterial and fungal flora. The numbers of 
pantophages definitely decreased as the manuring intensity increased. Manuring had no distinct 
effect on the numbers of phytophages (Table 8). Cumulated metabolism of the whole 
= the amounts of sheep dung increased (Fig. 8). 


nematode community decreased 


5.0. THE EFFECT OF MINERAL FERTILIZATION 


Chemical compounds, including mineral fertilizers, act upon soil nematodes directly and 
indirectly by host plants or by other soil organisms. Despite a considerable number of literature 
data (Wallace 1971, 1973) the problem remains unsolved. Perhaps, complex research will 
give the answer. 
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The effect of mineral fertilization on numbers and trophic structure of nematodes has been 
analysed on an example of lowland cultivated meadow (Wasilewska 1976). Mineral 
fertilization did not effect significantly the numbers of the whole nematode community and of 
particular tegit groups. Even a high dose, sucli as 680 kg NPK/ha did not affect significantly 
the numbers of пега, а ieńdency to a higher number of plant parasites was only observed. 
Ilizh doses of nitrogen fertilizers did not change much the community of soil nematodes on 
potato erop apart from the increase in the number of phytophages (Kozłowska and 
Domurat 197721. However the mineral fertilization with nitrogen, phosphorous and 
ium influenced the nematode community on sunflower field by increasing the 
development of nematodes — plant parasites (Kozłowska and Domurat 1977b). 


pota 


4.7. THE EFFECT OF SOME CHEMICALS 


Nematieide- are commonly used and usually with good immediate effects (Webster 
VAT. Veeording to the latest reports. bacteriophagous nematode species may be highly 
resistant to chlorine or fungicides — toxie for microorganisms (Wasilewska and 
Vebster 1975). Thes nematode-. æ- proved. are able to ingest and defecate viable 
1 ~ plant pathogenic and human enteric bacteria, spores of plant pathogenic fungi. 
ober microorganisms a> mveoplisma or algae. and also phages of bacteria. Microorganisms 
lieh pass trhough the intestin an probably reproduce afterwards (as proved 
es lwierate such concentrations of chemical agents which 
are lethal lor the above mentioned microorganisms, then they may protect them from 
vhiorination and posticid: -. Considering the common, ubiquistic occurrence of bacteriophagous 
nematodes and their probably smali food selectivity. the significance of this may be quite 
пете егијиј 


l: sonim experiments). 3o. if nemate 


Table 9 
The influence of two agents contaminating the environment on the growth of bacteriophagous пето- 


tode species Acrobeloides nanus (de Mann) Anderson after a 10-day contact (Wasilewska. O- 
loffs and Webster 1975) 


Concentration 


The effect of agents contaminating the envionment on soil nematodes is very little known. 
Much more attention has been given to the effect of soil treatment by chemicals on nematodes 
= plant parasites than to other groups of nematodes (Wallace 1973). The significance of 
chemicals introduced to environment for soil nematodes is being investigated in Poland for 
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some years (Witkowski 1971. 1973, 1974, 1977, Domurat et al. 1974. Although 
the majority of insecticides and herbicides used in agriculture are considered harmless or 
slightly harmful for nematodes, still not much is known about their effect and of other pollu- 
tants on the next generations of nematodes. Thus the effect of carbofuran and chlorinated 
biphenyls (PCB) was investigated on the bacteriophagous nematode erobeloides nanus 
(de Mann 1880) Anderson 1968 (Wasilewska. Oloffs and Webster 1975). This. 
depending on the dosage, resulted in reduced numbers and biomass of nematodes. and first ol 
all in reduction of the number of produced eggs (Table 9). Both chemical agents cause a 
decrease in egg production of А. manus and this probablv oceurs during the oocvte 
development. The production of eggs of gravid females P-geueration is not affected lx the- 
chemicals. The hatching also is not affected, but the development of iar.ae is consi cubis 
delayed. So, knowing that a population of one of the ubiquisti 
known compounds contaminating both water and soil, is a sufficient wart 
distribution of such chemicals should be very careful. 

Differentiation in numbers and in trophic and species structure of nemacode communities i= 
not always due to its direct relation to environmental factors, but is also on outcome of à 
number of complex factors. However, it seems, that the oceurr 
with intense decomposition of organic matter. i.e. the group living the 
limited considerably by excessive moisture either caused by stagnant water 
of organic matter as is the case on a dune void of vegetation apart from pine -e- 
zation, especially organie one, favours the occurrence of bacteriopha; 
nematodes. Mineral fertilization results in higher number of plant parasit: 
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longer time without human interference becomes richer in nematode species. tac domina 
of some species gets weaker and thus there are conditions for greater numbers 
and predators. This happens on meadows, pastures, and even on perennial erop 
chemicals on individual physiology. e.g. by limiting the fertility 
human interference in the environment. when not taking into consid 
lethal factors. 
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6. COMPARISON OF NEMATODE COMMUNITIES 
IN THREE ECOSYSTEM TYRES 


6.1. BILCENOTIC STRICTURE 


6.1.1. Number of genera and species 


sland сөзу хш und on 


The greatest number of nematode genera were found on sites of „rt 
perennial crops, and their number was the smallest in annual crops and in some forest париш= 
as, e.g., afforested dune scarcely covered with vegetation (Table 10). 

Bacteriophages and phytophages were most abundant in zenera. 
predators and pantophages in some habitats, mainly grasslands and perennial crops (Table 105. 
\n analysis of the number of species confirms the small diversity of species on annual сгорх and 
species richness on grasslands, perennial crops and on forest areas ( Table ny, 


this concerned also 
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Table 10 


Number of nematode genera in three ecosystem types 


6 G d Crop-field ecosystems Forest 
Trophic groups of nematodes Маанай - асе 
Pantophages and predators 11-14 pom [| | 


The data come from 12 sites of grassland ecosystem. 10 sites of forest ecosystem and 8 sites of crop- 
-fieid ecosystem (including 2 from perennial crops). 


Table 11 


Number of nematode species in three ecosystem types 


Ecosystems 


grassland crop-ficld forest 
[ww | ww | sa 


Data from sites: No. 6 (grassland ecosystem ). Nos. 24. 25, 30, 31 (сгор- 
-field ecosystem), Nos. 14—18, and No. 19 (forest ecosystem): 


6.1.2. Similarity degree of communities 


The degree of similarity of nematofauna from particular sites belonging to three ecosystem 
types was analysed using the similarity diagram (Fig. 6). The greatest similarity was observed 
between sites of one ecosystem. thus one can mention the distinct biocenotic structure of 
nematode communities in different types of ecosystems (Fig. 6). Most similar were the sites 
within agrocenoses (majority of sites with high values of similarity index), less similar — the 
sites within forest ecosystems and the least similar — those within the grassland ecosystems 
(Table 12). The latter was probably due to considerable differentiation of sites (lowland and 
montane meadows, on mineral or organic soils). Within the grassland ecosystems the montane 
pastures were most similar, although as it had been, mentioned already, fertilization 
considerably influenced the trophic differentiation of nematofauna there. As regards the 
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Table 12 


Comparison of ecosystem types acc. to the similarity degree of nematode communities 


Range of Marczewski and Stein- | Number of sites (in % a given range, in the ecosystems: 
haus’ similarity index 


%) 


vegetation afforested dune and swampy alderwood considerably differed from the compact 
group of other forest sites (Fiz. 0). In the majority of cases the sites of crop-field ecosystems 
were much more similar to those oi the grassland ecosvstems than to the forest ones. The 
crop-field and forest ecosystems were not very similar to one another. But the structure of 
nematode community. proper for the ecosystem. may change in case of intermediate or not 
typical environments, where the modifying factor is very high. 


6.1 


Species diversity 


The term species diversity has been used when finding out that it correlates with diversity of 
genera (Fig. 2). Shannon diversity index (of genera) ranged tron: 4 to 4.9 bits/ind. in grassland 
ecosystems, 3.2-1.3 bnts ind, in forest evosystems and 3.1—4.2 bits/ind. іп crop-field 
g. T). Thus the greatest diversity was observed in the grassland ecosystems,and 
cultivated meadows in central Poland (sites Nos. 6-9 on Fig. Т) were more diverse than 


ecosystems (F 


mid-forest meadows with stagnant water of the same region and also than montane pastures. In 
the crop-field ecosystems the greatest diversity was observed in perennial crops (sites Nos. 30 
and 31). and the lowest on rve and potato crops of the Poznań region (sites Nos. 24—20). The 
small diversitv in the forest ecosystems was indicated by the afforested dune. scarcely covered 
with vegetation and in dry pine forest (sites Nos. 17 and 19), whereas it was the highest in 
mixed forests (sites Nos. 16 and 20). 

The small species diversity of nematode community in agrocenoses. especially those 
intensely cultivated, confirms W al | work's (1076) statement that monocultures and plant 
rotation decrease this diversity. 

A greater diversity means a more coinplex network of food relations, occurrence of side 
food-chains. beside the main ones. more cases of coactions and more negative feedbacks which 
decrease oscillation and increase stability (Odum 1977). Definitions of ecosystem stability 
are not quite precise vet and are still a subject of considerations(O r ia ns 1975). It seems that 
the thesis of Nusbaum and Ferris Н. (1973) апа Ferris V.R.and Ferris Ј. M. 
(1974) rightly claim that in natural ecosystems the stability is a result of genetic, structural and 
functional diversity of communities — components. Thus, if a greater diversity proves higher 
stability of the system. then the analysed from the point of nematofauna — annual crops and 
some forest types are the least stable as compared to meadows, pastures. mixed forests and 


perennial crops. Still their relation between stability and diversity per se is still a matter Гог 
discussion from the ecological point of view. 
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Fig. 7. Shannon index of diversity (H) for nematofauna of three ecosystem types 
No. of sites as in Table | 


6.2. TROPHIC STRUCTURE 


The phenomenon of similarity of nematode communities in one type of ecosystem allows to 
look for further biocenotic relations of a structural and functional nature. The subject of such 
an analysis is the trophic structure of nematode communities based on numbers. biomass and 
respiratory metabolism. 


6.2.1. Mean numbers. biomass and respiratory metabolism 


Statistically significant differences between the mean numbers of whole nematode 
communities in three ecosystem types were not observed, although. biomass and respiratory 
metabolism of whole communities display such differences. Further. the statistical analvsis 
showed significant differences between trophic groups, visible in all parameters analysed 
(Tables 13—15). Thus the quantitative prevalence of trophic group depends considerably o> the 
type of ecosystem. 


Mean percentage of trophic groups are considerably differentiated in three ecosystem types 
(Table 16). In grasland ecosystems a high per cent (numbers) is shown by phytophages, 


Table 13 


Mcan numbers of nematodes (in 107 /m?) in three ecosystem. Types 


Ecosystems 


Bacteriophages Mycophages Phytophages Pantophages 


Environment of decomposing 


375 000 
plants 


5200 U 


Predators 


380 000 


Grassland 833 + 194 А 158 + 24 1053 + 188 O77 : 140 
Forest 1117 + 256 822 + m [ 754 + 207 297 + об 
Crop-field 1898 + 5 717 + 221 


1420 + 154 195 + 40 


400 
© 700 
+ 775 


cate the significant differences in mean 
‚Р = 0.02—0,05 
F 
m i 


и 


0.002—0.01 
0.001 


Table Il 


Mean biomass (in mg/m?) of nematodes m three ecosystem. types 
i 


Bacteriophages Mycophages Predators Total 
Environment of decomposing 120 700 ano 0 130 000 
plants 
Grassland 190 + 39 a+ 7 gum v 3 ч + 290 190 + 90 ЧИ 1097 + 397 
Forest 129 4 | wa 9 ip 50 6H | "L ge + 30 | [ 35 + „| 11 403 + n] 
Crop-field : 402 ) 38 оз + Ло iL 152 . 20 IA + 65 0 "L goo + 117 


In grassland ecosystem the mean is for 5 sites. in forest for 7 sites. in erop-field for 3 sites and 1 for the environment of decomposing plants. Significant 


difference in mean values sec Table 1%, 
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Table 15 


Mean respiratory metabolism (in kcal/m?/year) of nematodes in three types of ecosystems 


Grassland 
Forest 
Crop-field 


For explanation see Table 14. 


Table 16 


Mean percentage of trophic groups of nematodes in three types of ecosystems 


A 0 0 


Environment of de- 
composing plants 


Grassland 
Forest 
Crop-field 


100% — total number of nematodes on a given site. For further explanations see Table 13. 


bacteriophages and pantophages: in the forest ecosystems — by bacteriophages, phytophages 
and mycophages. and in the crop-tield ecosystems — by bacteriophages and phytophages. 
Characteristic is the lack of predators in agrocenoses and in the environment of decomposing 
plants, and also the low percentage of pantophages in the crop-field evosystems ог their lack in 
the environment of decomposing plants. Percentage of biomass of bacteriophages in the 
environment of decomposing plants reaches almost 100%, which proves the homogenous, from 
the trophic point, composition of nematofauna (Table 14). 

Mycophages are the most abundant in the forest ecosystems due to the great numbers of 
fungi. The relation between the density of nematodesmycophages and the density of fungi has 
been observed by McBrayer, Reichle and Witkamp (1974). This group of 
mycophages feeds on the cell contents of mycelium, may laso depend on the occurrence of 
mycorrhiza. Perhaps. this is why there is such an abundant occurrence of mycophages not only 
in forests but also on cereal crops, where mycorrhiza frequently occurs. Still. this requires 
detailed investigations. 


6.2.3. Trophic dominance structure according to three parameters 


In the nematode community of one ecosystem not always the same trophic group 
dominated in numbers, biomass or in respiratory metabolism, because pantophages and 
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predators, among which large individuals dominated, caused a change in dominance structure 
based on numbers. Similar changes were caused by high respiratory metabolism of small 
individuals, such as bacteriophages, and low respiratory metabolism of large individuals such as 
pantophages and predators. 

In the grassland ecosystems phytophages dominated in numbers. whereas pantophages in 
biomass and respiratory metabolism (Table 17). 


Table 17 


Percentage of dominant trophic group of nematodes depending on the parameter examined in three 
ecosystem types 


Ecosystems 


Parameter 


grassland forest 


bacteriophages 
phytophages 


Numbers phytophages — 38| bacteriophages — 39 


pantophages — 42 
bacteriophages = 21 


pantophages — 58 bacteriophages 


bacteriophages bacteriophages 


Respiratory metabolism | pantophages — 46 


The crop-field ecosystems differed greatly from the grassland ones as regards the dominance 
of trophic groups. Bacteriophages and phytophages dominate quantitatively there (Table 17). 
But only bacteriophages visibly dominated as regards biomass and metabolism. Interesting are 
the percentages of group of bacteriophages in the crop-fieid ecosystems: 41% in numbers, 56% 
in biomass and 64% in metabolism. For the similarly examined group of phytophages it was: 
37%, 18% and 18%, respectively. In the crop-field ecosystems bacteriophages dominate and if 
considering them together with mycophages one can talk about the dominance of the group 
directly connected with decomposition of organic matter. 

Bacteriophages dominated in the forest ecosystems as regards the numbers. although in 
biomass the pantophages dominate and then bacteriophages (Table 17). The dominance of 
pantophages is next to that of bacteriophages considering the respiratory metabolism rate. The 
small body size of bacteriophages is decisive here. It is interesting that absolute values of 
respiratory metabolism of bacteriophages are 7.3 kcal/m*/vear in grassland ecosystems and 
8.6 keal/m?/year in forest ecosystems, which corresponds to 17% and 40% in relation to the 
entire respiratory metabolism of the whole community. On the other hand, at a dominance of 
bacteriophages in forest and crop-field ecosystems (40 and 64%) their absolute values are 
8.6 keal/m?/vear and 32 kcal/m?/year, respectively. Thus the significance of a given group in 
an environment is not only due to absolute values but also the relative ones. 


6.2.4. Mean weight of an individual in a trophic group 


The presence of pantophages and predators (as large individuals) has basically resulted in a 
higher mean weight of an individual in grassland and forest ecosystems as compared with the 
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crop-field ones (no predators, very few pantophages). 
The mean weight of an individual in grassland 
ecosystems has been about 3.5 times greater than in 
3 times greater than in 


crop-lield ecosystems and by 2. 
forest ecosystems (Table 18). Mean weight of an indivi 
dual trom the group of bacteriophages was almost twice 
higher in grassland ecosystems than in other ecosvstems. 
Similarly the mean weight of an individual from the 


3 + 0.052 


0.495 + 0.098 
0.140 + 0.018 


0.21 


Whole community 


= 


group of mycophages was more than twice higher іп 
grassland ecosystems as compared with other 
evosystems. Mean weight of phytophages was the highest 
in the grassland ecosvstems. the lowest — in crop-field 
ystems, and intermediate — in the forest ecosystems. 
Differences in mean weights of individuals from groups 
ot pantophages and predators were found to be sta- 
tisticallv unsignificant (Table 18). Because the turnover 
depends on the size of an individual. one may conclude 
that the exchange of nematodes is the quickest in the 
crop-field ecosystems. and much quicker in the forest 
ecosystems as compared to grassland ecosystems. This 
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dators. the differences between ecosystems as regards 


trophie structure (considering numbers. biomass and 
respiratory metabolism) become more visible (Fig. 8). 
Trophic structure analysed on these three parameters 
differs in the contribution per each trophic group 
(chapter 6.2.3.). but the same trend remains in all three 
ses, Total pereentage of bacteriophages and myco- 
phages increases starting from the grassland ecosystems. 


Ecosystems, 


vironment of decomposing 


plants 


For explanations see Table 14. 
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Fig. 8. Trophic structure of nematode communities on the basis of percentage as regards numbers (4). 
biomass (B) and respiratory metabolism (C) in three ecosystem types 
| — bacteriophages and mycophages, 2 — phytophages. 3 — pantophages and predators 


then through forest ecosystems to the crop-field ones. and the total percentage of pantophages 
and predators decreases in the same order (Fig. 8). Thus the ecosystems closer to natural ones, 
such as grassland and forest ecosystems have more pantophages and predators in their nematode 
communities than agrocenoses. The percentage of phytophages in grassland and crop-field 
ecosystems is higher than in the forest ones. Lack of phytophages in the environment of 
decomposing plants may be understood. Lack of pantophages and predators in the same 
environment and their minimal contribution to agrocenoses, proves that these groups occur 
either in natural habitats or in those only slightly transformed by man. It is characteristic that 
more permanent agrocosystems as e.g., three- and five-vears old alfalfa crop, have a higher 
percentage of pantophages than the annual crops (Wasilewska 1974e). Pantophages have 
much longer life cycles than bacteriophages and mycophages and as not depending on one kind 
of food are characteristic only for more stable environmental conditions. They are also 
connected with more diverse biocenoses. lhave already suggested íhat the group of 
pantophages and predators is sensitive to man's interference in the environment, and thus to 
cultivation and breeding treatments (Wasilewska 1974е, 1975b). 

Bacteriophages, species with a quick turnover, are connected with the environment where 


the organic matter is quickly decomposed in soil. They, as it seems, accelerate the cycling of 
compounds they release (Twinn 1974). In the environment of decomposing plants the 
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bacteriophages develop considerably and exceed several times these numbers in all three eco- 
systems examined (Table 13). The biomass of bacteriophages most abundant as a group 
happened to be 260 times lower in ecosystems examined than in the environment of 
decomposing plants (Table 14). In crop-field ecosystems the situation favouring the 
development of bacteriophages is maintained due to cultivation treatments. such as mineral 
fertilization and manuring. When improving the conditions for the growth of microtlora (higher 
content of soil humus, higher organic and mineral fertilization) the dominance of bacterio- 
phages and mycophages takes place at the cost of pantophages and predators in each ecosystem 
(Fig. 9). In the forest ecosystem (a natural one) the humus content in soil increases without the 
help of man. [n ecosystems created or controlled by man (crop-fields and grasslands) the 
treatments decide about the quantitative level of nematodes-bacteriophages. Probably the same 
treatments eliminate nematodes-pantophages and predators. 
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Fig. 9. Percentage of. nematode trophic groups acc. to their respiratory metabolism on sites varying as to 


fertilization level or humus content 
No. of sites — see Table 1: 1 — bacteriophages. 2 — mycophages. 3 — phytophages. + — pantophages. 
3 — predators 


Table 19 


Mean annual numbers (in 105/2) of bacteriophages in grassłand and crop-field ecosystems 


Grassłand ecosystems Crop-field ecosystems 


minerally fertili- 
zed meadow 


Non-fertilized pastures organi- 
pasture cally fertilized 


rye potato 
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Table 20 


Intensity of respiratory metabolism (in kcal/m? /year) of bacteriophages 
and mycophages as related to that of other nematode groups (in %) in 
three ecosystem types 


forest 


crop-field 


Table 21 


Intensity of respiratory metabolism (in kcal/m^ /vear) of predators and 
pantophages as related to that of other nematode groups (in 5c) in three 
ecosystem types 


Ecosystems 


On minerally fertilized meadows or on organically fertilized pastures (manuring by sheep 
dung) bacteriophages attain higher numbers than on the non-fertilized ones, but still lower than 
on intensely cultivated crops (Table 19). This allows to assume that not only the extent of 
fertilization, but also other factor connected with the type of ecosystem, decide about the 
quantitative level of this group. 

Generally speaging, it can he said that an increase in the numbers of bacteriophages nad 
mycophages (Table 20) is accompanied by a decrease in the numbers of pantophages and 
predators (Table 21). The ratio of predators and potential prey can be an index of the 
controlling possibilities im biocenosis. The ratio of nematodes-predators and partial predators 
(pantophages) to nematodes of the preceeding trophic levels (phytophages, bacteriophages and 
mycophages) expressed in energy losses for respiration, is given in Table 21. Thus the 
significance of a trophic group of pantophages and predators is much smaller in agrocenoses 
than in other ecosystems. 


6.3 PARTICIPATION OF NEMATODES IN THE ENERGY FLOW 


The consumption value of nematode community informs about the size of energy which 
flow from lower trophic level to nematodes, and the production rate informs how much the 
nematodes may give to the next trophic level. Thus such evaluation of particular trophic groups 
of nematodes provides a basis to include them in the trophic network of soil organisms. The 
aim here is to trace the energy flow to and from nematodes in three ecosystem types. The 
productivity notion is consistent with principles presented by Petrusewicz and Mac- 
fadyen 1970). 
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6.3.1. Review of studies 


Estimations of costs of maintenance of soil nematodes (R) are very few up to now. \part 
from some works used as the ground for this paper only few authors have made such estima- 
tions. The broad range of cumulated respiratory metabolism (Table 22) is due not only to 
differentiation in the distribution of habitats examined in different geographical latitudes, but 
also to varying degrees of accuracy of investigation methods. 


Table 22 


Review of own and literature data on respiration (R) and consumption (C) of nematodes 
(in keal/m?/ year) 


Salty coastal marshes, Georgia. USA . Teal 1962 


Moorland, England 2 i Banage 1963 


Sub-arctic area 33* Bunt 1954 


Beech forest, Denmark * Yeates 1972, 1973 


Spruce forest, Finland Huhta and Koskenniemi 
1975 


Pasture, Denmark 2 Nielsen 1961 


Grassland ecosystems. Poland Wasilewska present data 
Forest ecosystems, Poland 5-37 13—100 Wasilewska present data 


Crop-field ecosystems, Połand 120—164 Wasilewska present data 


*Values calculated acc. to method described in this paper. 


As it has been already mentioned. production and consumption data are achieved by evalua- 
tion and not experiments. There are no such data vet. [n order to determine preciselv such 
productivity parameters as production and consumption of nematode community one should 
balance the energy budgets of species — components. Їп the literature there are already first 
papers on the energy budget of one of aquatic nematode species (Mercer and Cairns 
1973), two bacteriophagous ones (Duncan, 3chiemer and Klekowski 1974, 
Marchant and Nicholas 1974) and a mycophagous one (De Soyza 1973). 
However, this is not sufficient for a balance, because in some habitats there are several tens and 
even more species of nematodes, e.g. on tha alfalfa crop 137 species were found (Wasilew- 
ska 1967а). Even transferring these fragmentary data, obtained in cultures into natural 
conditions contains an error. À similar method to mine — estimation of productivity parameters 
of whole community or group of nematodes — has been used by authors investigating 
nematodes in an aquatic habitat (Teal 1962, Teal and Wieser 1966), and terrestrial 
habitats (Bunt 1954, Nielsen 1961, Banage 1963, Yeates 1973, Huhta and 
Koskenniemi 1975; Table 22). It seems that the most precise results are those obtained 
by Yeates (1973), who has analysed the nematode communitv on the basis of monthly 
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measurements over one year. Data cited by Teal (1962) on marine nematodes occurring in 
the littoral zone of salty marshes are given here in order to compare them with those for 
communities of terrestrial nematodes. 

Obtained values of cumulated respiratory metabolism stay within a broad range of data 
found by other authors (Table 22). Except Nielsen's (1949, 1961) data. which in my 
opinion are overestimated, the values 1 have obtained for Polish conditions are in the majority 
higher than those cited in the literature (Table 22). 


6.3.2. Productivity parameters 


Тће estimated respiratory metabolism of nematode community (Table 15) provided grounds 
for assessing the mean values of consumption for the ecosystem (Figs. 10 and 11). Much higher 
consumption of nematodes has been observed in the crop-field ecosystems (averagely 


Ecosustems 
p— —— s 
Forest Grassiand — Crop-iiela 


ГЛ 


2 


NN 


Fig. 10. Cohsumption by nematodes in three ecosystem types 
The mean for forest ecosvstem from 6 sites, for grassland ecosystem from 4 sites, for crop-field ecosystem 
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Fig. 11. Consumption by trophic groups of nematodes in three ecosystem types 
For explanations see Fig. 10 
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140 kcal/ m? /vear) and grassland ecosystems (130 kcal/ m? / year) than in the forest ecosystems 
(averagely 56 keal/m?/year, Fig. 10). This proves that the costs of maintenance of nematode 
communities in forests are smaller than on meadows and crops. 


High and approximate consumption of nematodes in grassland and crop-fieid ecosystems 
(Fig. 10) exist despite the dominance of different trophic groups: in the case of grassland 
ecosystems — pantophages with predators, in the case of crop-field ecosystems — bacterio- 
phages (Fig. 11). None of the trophic groups in forest ecosystems did have such high consump- 
tion as bacteriophages in the crop-field ecosystems (averagely 90 kcal/m?/vear) and the 
pantophages in grassland ecosystems (averagely 65 kcal/ m? /year). Thus from this point of view 
the differentiation of trophic groups in forest stems is the smallest. 


6.3.3. Contribution of nematodes to energy flow 
on rve and potato crops and on a pasture 


Contribution of nematodes to energy flow is presented on the example of rye сгор (Fig. 12), 
potato erop (Fig. 13) and montane pasture (Fig. 14). Data on primary production on winter rye 


Mycophages 


Bacteriophages 


13 


Fig. 12. Contribution of nematodes to the energy flow on rye crop 
in circles — net production of nematodes, in squares — net plant production, C — consumption, R — respira- 
tion, all in kcal/m^/year 
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Fig. 13. Cor oution of nematodes to the energy flow on potato erop 
Vor explanations see Fig. 12 
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Fig. 14. Contribution of nematodes to the energy flow on a montane pasture 
For explanations see Fig. 12 


and potato crops (including total plant production over a year) are from the paper by K u- 
kielska (1975), and the data on primary production on a montane pasture are from the 
paper by Kajak (1974). Information about the energy, from the primary production and 
other sources, introduced to the soil of rye and potato crops is taken from the paper by 
Kaszubiak, Kukielska and Kaczmarek (1976), whereas for the pasture — 
from the paper by Kajak (1974). It concerns the same fields and the same period when the 
nematodes have been investigated. The energy introduced to soil of rye crop (fertilized with 
214 kg NPK/ha) was from plant remains, on potato сгор (400 kg NPK/ha) — from a manure in 
about 250 q/ha. On the montane pasture, apart from dead aboveground parts of plants 
(390 kcal/m?/year), underground shoots (230 kcal/m?/year), live roots decomposing over a 
year (580 kcal/ m? /year), the sheep dung was an important energy supply (1440 kcal/m?/year). 

The Broken lines on diagrams (Figs. 12—14) indicate the possible effect of phytophagous 
nematodes, including pathogenic ones, on the crop reduction. Farmers estimate the crop re- 
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duction by comparing crops where nematodes are controlled with those not treated. Losses in 
crops as caused by nematodes are according to world data 10—15% (Wilski 1967). This is 
mainly because nematodes feed primarily on roots, but their effect covers the whole plant. 
Nematodes graze young roots thus by comparing the consumed part of roots to total root mass 
а precise estimation is not achieved, The ways of energy flow trough nematodes inhabiting the 
internal plant tissues were not analysed, because their numbers in relation to nematodes colo- 
nizing soil did not exceed 2% on crops examined (Wasilewska 1974c). 


Table 23 


Some indices of ecological efficiency of nematodes (in %) 


| = 


C nematodes 


primary Р 


P nematodes 
"primary “primary Po 


C phytophages + = zC pantophages 


primary P roots 


С bacteriophages + С mycophages + ic pantophages 


E 


P — production, C — consumption, E — energy introduced to soil; all parameters in kcal/m? /year. 


One may assume that finally some energy contained in primary production reaches the 
nematodes from all trophic groups. This is either directly by using the plant juices ог indirectly 
by consumption of bacteria, fungi and other soil organisms connected with the plant by energy 
cycling. On three sites examined 2.4—4.6% energy contained in primary production reaches the 
nematodes (index 1 in Table 23). Production of nematodes on these sites is less than 1% of 
primary production in all three cases (index 2, Table 23). If considering the food of 
pantophages as 50% plant food (in ту opinion), then together with the whole group of 
phytophages they use up from roots 4.2% energy on rye crop, 1.4% on potato crop and 10% on 
montane pasture (index 3, Table 23). One should remember that the energy flow from roots to 
nematodes-phytophages is not a direct indicator of damages. The damages are being estimated 
by other criteria. Still, it should be taken into consideration that the greater this flow, the more 
exhausted is the plant, especially when there are no means of regeneration. On rye crop the 
energy introduced to soil and reaching nematodes is higher than on potato crop and the pasture 
(index 4, Table 23). But, the energy introduced to the potato crop together with manure partly 
passes over to the next cropping in the shortened crop rotation. in this case rye, which is not 
taken into account in'index 4 in Table 23. One may think that supplying potato crop with 
manure provides more energy to other trophic chains than nematodes. 
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7. DISCLSSION 


The results presented here allow to discuss such problems as the role of nematodes in 
different biocenoses, the significance of these animals in the energy flow, and the level of 
biocenotic organization of nematode communities influenced by species diversity and resulting 
in stability of biocenosis. All problems mentioned here can not be fully discussed because of 
scarce information on the subject. There is quite good information as regards numbers and even 
biomass (especially that of whole communities), but studies on the energetic costs of 
maintenance, production and consumption are being only initiated. The role of nematodes in 
the trophic network of biocenosis has not been fully elaborated yet, because of the main 
difficulty which is in this case the method of investigations. The comparisons of trophic groups 
of nematodes, as presented here, are a new approach to this matter and therefore there are very 
few references. Another new problem is to find the distinguishing features and similarities 
between ecosystems, and also the stability estimates (measured by index oi diversity of 
nematode communities) in different ecosystem types. Comparisons of natural and articifially 
created ecosystems allow to estimate the extent of deformations or at least the simplification ot 
the ecological system as a result of man’s activity. It is also a tool for estimating the changes 
introduced by man. The trophic structure of nematode communities from different habitats 
presented here in the form of relations in numbers. biomass or production parameters, allows to 
compare the ecosystems examined. 

Mycophagous nematodes accelerate the turnover of fungi and thus allow for quicker 
availability of the substrate for other lytic organisms, such as bacteria (T winn 1974). The 
significance of mycophagous nematodes in the environment, determined only by their numbers, 
biomass or even consumptiom, is not complete, because the damage of mycelium and its 
reduction are not only the result of food consumed by nematodes (Twinn 1074. Wasi- 
lewska, Jakubczyk and Paplińska 1975). The influence of mycophagous 
nematodes on the reduction of mycelium is a sum of reactions, both of consumption and other 
factors limiting the development and growth of mycelium as a result of feeding (Wasilew- 
ska. Jakubczyk and Paplińska 1975). 

Phytophages, as consumers of the first order, limit the primary production. The role of this 
group of nematodes estimated by consumption, similarly as the role of mycophages does not 
determine fully their significance as a factor reducing the trophic level of plants (Wasile w - 
ska 1972). It is known that the side-effect of some nematode species, especially the typical 
parasites and pathogenes of higher plants, exceed several times the jrdirect activity, estimated 
on the ground of used food (Smolik 1974, Twinn 1974). The effect of nematodes- 
-phytophages on the change of host plant physiology is so significant for agriculture and plant 
protection that it resulted in a new branch called phytonematology. 

The group of phytophages has not been numerous in the forest ecosystems. The forest 
ecosystem is not the only natural ecosystem, in which phytophages are scarce in comparison to 
other trophic groups of nematodes. А similar structure of trophic groups of nematodes has been 
observed by Zullini (1970) on areas overgrown with moss іп an Alpine valley and by 
S paul! (1973) on one of the islands of the Antarctic Circle. This island was also overgrown 
with mosses. Nematodes-phytophages were abundant in the grassland ecosystems and in 
agrocenoses. Ап equally high percentage of phytophages on the meadow and wheat crop has 
been observed by Popovici (1977). A much higher percentage ot phytophages in 
agrocenoses and meadows than in natural forests has been also found by Ferris V. R. and 
Ferris J. M. (1974) Domurat, Kozłowska and Mianowska (1975) also 
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have mentioned a very low number of phytophages in a mixed forest of Kampinos Forest. 
Egunjobi (1971) has observed that the transformation of natura] forest into a pasture 
increases the numbers of nematodes-phytophages. The report by A n dr e w s et al. (1974) also 
shows the exceptional significance of nematodes-phytophages on the prairies in the American 
state Colorado. Soil invertebrates (mainly nematodes-phytophages) are considered as more 
significant as consumers of primary production than the cattle grazing on that area 
(1 ох/5 ha/180 days). This is the only report on such great significance of soil invertebrates. 
More abundant occurrence of phytophages in cultivated soils as compared to those not 
cultivated is presented by Nusbaum and Ferris Н. (1973). Soil invertebrate 
phytophages, other than nematodes. have also higher numbers and higher contribution to 
agrocenoses as compared to natural biocenoses (Alejnikova 1976). 

The high percentage of nematodes-bacteriophages in agrocenoses is also observed by 
Witkowski (1962. 1977). Kozłowska (1967) and Ferris V.R.and Ferris 
J. M. (1974). According to studies of Popovici (1977) the percentage of bacteriophages is 
also higher in agrocenoses than on meadows. This trophic group of nematodes is an indicator of 
the intense decomposition. and especially when species of the genus Rhabditis are abundant, as 
was observed on crops examined. The turnover of organic matter, and thus the mineralization 
of litter and plant remains. is much quicker on crop-field than in grassland or forest ecosystems 
(Ryszkowski 1974. Petrusewicz and Grodziński 1975). Decomposition of 
plant matter lasts there less than a year (R v szkowski 1975). By introducing the manure 
or ploughing the stubble crop the man consciously introduces organic matter into soil. 
Although this group of nematodes reduces bacteria by feeding on them, they are still 
considered as organisms helping the decomposition (T winn 1974). Thus the effect of these 
nematodes on microorganisms consists of consuming them, stimulating of their growth on the 
faeces of nematodes, spreading them in the soil profile, symbiotic relations etc. The occurrence 
of these bacteriophagous nematodes in large quantities in agrocenoses (mainly annual) 
distinguishes this group among other soil invertebrates. A lejnikova (1976) has found that 
the numbers of soil saprophages (mainly microarthropods) are reduced in agrocenoses as 
compared with natural biocenoses, mainly forests. 

The prevalence of pantophages (mainly Dorylaimida) in natural environments as compared 
to agrocenoses has been observed by Ferris V.R. and Ferris J. M. (1972, 1974), 
Wasilewska (1974е) and Popovici (1977). Total lack of tvpical predators in 
agrocenoses has been already signalled by Nusbaum and Ferris H. (1973) in an article 
on the stability of nematode communities in agroecosystems. In Poland also, Witkowski 
(1962, 1977) and Kozłowska (1967) have observed a minimal percentage of predators 
and low percentage of pantophages in nematode communities in two crops. Ву maintaining 
unchanged conditions in the environment the pantophages and predators accumulate again. It 
seems that these two groups of nematode can be treated as indices of human interference. This 
thesis is based only on few observations. Ferris V.R. and Ferris J.M. (1972) have 
reported that in places where the natural forest had been grazed or cut the percentage of 
nematodes of the order Dorylaimida (pantophages) decreased from 33 to 5% of all nematodes. 
Intense manuring with faeces and trodding by sheep of the pasture resulted in a decrease in the 
percentage of pantophages from 37 to 16%, and of their biomass from 68 to 48% (Wasi- 
lewska 19748). Perennial crops have a higher percentage as regards this group than annual 
crops (Wasilewska 1974e). 

Ecosystems with a low percentage of predators have a faster turnover rate (Kajak 1977). 
The high mineralization rate of organic matter in agrocenoses may be due not only to higher 
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than in other types of ecosystems percentage of nematodes-bacteriophages, but also to the 
absence or low percentage of predators and partial predators (pantophages). Natural environ- 
ments are usually abundant in nematodes-pantophages and predators. Thus anthropogenization 
reduces nematodes-pantophages in the environment, creating good conditions for bacterio- 
phages. However, in grassland ecosystems phytophages remain besides pantophages. The 
phenomenon of reducing the entomofauna composition, when changing natural biocenoses into 
monocultures, is well known in ecology, but some phytophages still find favourable living 
conditions. А similar phenomenon has been observed for nematodes. The occurrence of an 
abundant group of bacteriophages in agrocenoses is a result of treatments leading to soil 
regeneration. These treatments, conducted by man, create favourable conditions for the devel- 
opment of microorganisms. Man tries to maintain thus formed ecosystem in early succession 
stages to obtain best production (Ry szkowski 1972, Trojan 1970). Recently. 
Coleman et al. (1976) have indicated the necessity of energy studies of whole systems in 
order to run them. 

The problem of simplification of communities. both plant and animal. on areas eultivated by 
man, is a subject of considerations since long ago. May (1975) has explained the lower 
stability in agricultural monocultures not only by simpler composition of their communities. 
but also by no evolutional past. Natural monocultures can be stable, e.g.. Spartina grass. 
Kajak (1977) cites some results from the literature in proof that lower number of species. 
higher dominance of one or several species in the community at simultaneous disappearance of 
accessory species, and lower diversity index, are the outcome of agricultural treatments. Smaller 
percentage of predators in the total mass of invertebrates is due to cultivation of ec 
has been observed for grassland ecosystems by Kajak (1977). According to G o  Iley's 
(1974) definition. the stability of ecosystem is the result of the number of functional and 
structural components of biocenosis. The diversity and composition of animai communities. 
including nematodes, decides to some extent about the stability of ecosystems in which these 
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animals live. Therefore, the occurrence of nematodes-pantophages proves greater stability oi a 
given ecosystem as compared to an ecosystem in which this group does not occur. The 
relatively small stability of nematode communities in annual crops is first of all caused һу the 
absence of pantophages and predators. i.e.. those nematodes for which the diverse trophy 
favours the occurrence of compensation systems. Pantophag 
longest period in the environment and thus lengthen the food- 
-chains results in greater stability of the system (Trojan 1976). С бглу (1976) considers 
the soil organisms — not mobile and quickly reproducing — as potential, ecological indices of 
changes in the environment. In his opinion the group of specie- or fragment of a biocenosis is a 
better bioindicator of deformation of the environment than a single species. Quantitative 
relations of pantophages and predators in communities of soil nematodes vould, according to 
Górny's (1976) definition. serve as a zoocenological soil bioindication. 

Simplification of the biocenotic structure of nematode communities is first of all shown by а 
lower percentage of predators and pantophages. and thus large individuals with a relatively long 
period of remaining in the biocenosis, and secondly, by an increase of the percentage of 
bacteriophages, i.e., small individuals remaining for a short time in the biocenosis, and thirdly in 
decreasing the species diversity. 

Finally, it can be said that threre are distinct types of structure and function of nematode 
communities, typical for the ecosystem and depending on it despite a high variability within. 

* Nematodes are about 10% (in dry wt.) of soil invertebrates colonizing main crops, such as 
rye and potato (Wasilewska in preparation) and about 1.3—6% (in fresh wt.) in spruce forests of 


s and predators remain for the 
hains. Higher number of food- 
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Finland (Huhta and Koskenniemi 1975). In relation to other soil invertebrates, as 
the smallest animals after protozoans, they are much more important if considering the energy 
maintenance costs. What is their role in biocenoses. including agrocenoses? It has been 
estimated that finally only a small part of primary production (2.4—4.6%) reaches the 
nematodes, but when examining the roots themselves these values may be even higher (up to 
10%). Soil nematodes do not affect directly the mineralization. but control it hy means of 
trophic relations with destruents. Our crops display low retention of chemical compounds (even 
for nitrogen), not mentioning that periodically the part of produced matter is being taken 
away. The role of soil animals. storing in their bodies during their life-time the compounds 
which otherwise would be washed out from soil and also their significance in enriching the 
trophic network of biocenosis — allows io consider the free-living soil nematodes as organisms 
necessary both for the biocenosis and man. This does not contradict the necessity to control 
nematodes — pests of our crop-fields. 


8. SUMMARY 


This elaboration svnthetises results of studies which have been already published by me or 
with my co-authors. The parameters analysed in determining the structure and function of 
nematode communities in three ecosystem types have been: numbers, biomass. respiratory 
metabolism, consumption and production of particular trophic groups. The distinct character 
of nematode communities in such ecosystems as grasslands. forests and crop-fields has been 
found by analysing the biocenotic structure (degree of similarity and degree of diversity), 
trophic structure and the function of these communities (energy flow). Not uniform character 
of communities of soil nematodes from the point of their function is due to the percentage of 
bacteriophages, mycophages, phytophages, pantophages and predators. A quantitative estima- 
tion of these groups allows to describe nematodes as components of trophic network of soil 
organisms. Also the effect of environmental and anthropogenic factors on the occurrence of 
nematodes is taken into consideration. 

The sites examined are from central, southern and western Poland. For purposes of 
comparison two sites from ecosystems beyond Poland were included and one artificial habitat. 
Altogether, 31 sites were examined — 12 from grassland ecosystems, 10 from forest ecosystems, 
8 from crop-field ecosystems and 1 — the so-called environment of decomposing plants (Fig. 1, 
Table 1). The numbers were analysed on all sites, whereas biomass and respiratory metabolism 
on а smaller number of sites. The majority of sites were investigated for at least a year, and 
samples were taken once a month. Soil samples were taken by a soil core and extracted by a 
modified Baermann s method. Determined were numbers of nematodes belonging to 5 trophic 
groups (Wasilewska 1971c) and the numbers of nematodes in genera (sometimes species) 
distinguished after Goodey (1963), their biomass (Andrássy's 1956 method), 
respiratory metabolism (method of Klekowski, Wasilewska and Paplińska 
1972, 1974), whereas production and consumption were calculated using Engel mann’s 
equation (1966) and assumptions of Kitazawa (1967) that the ratio of assimilation to 
consumption equals 50%. The diversity degree of nematode communities was estimated using 
Shannon diversity index (O du m 1977). The similarity of sites in ecosystems was determined 
by the similarity index of Marczewski and Steinhaus (Romaniszyn 1972). and the 
diagram of similarity. The following conclusions and relations were determined: 
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1. According to the literature and my own data the numbers of soil nematodes range from 
60 thous. to 30 mill. ind./m?, and the biomass from 0.2 to 18 g/m? (Fig. 3). The range of 
numbers and biomass of nematodes is much wider in natural and semi-natural environments, 
and is much narrower in agrocenoses (Fig. 3). [n the temperate zone, for grasslands, the most 
frequent range is 1—4 mill. ind./m?, for forested areas 1—3 mill. ind./m*, on almost all crop- 
> 1—5 mill. ind./m? (Fig. 4). 

. The numbers of nematodes on sites examined ranged from 0.5—8.5 mill. ind./m? , and 
Kosia — 0.2—3 g/m?. The numbers were low in soil of mid-forest meadows with stagnant 
water and on marshy soil and higher in the soil of cultivated meadows and pastures. The 
numbers were much higher in mixed forests and afforested dunes with rich undergrowth than in 
dry pine forest or wery wet forests; the numbers were higher in intensely cultivated crop-fields 
than in regions with less intense cultivation (Fig. 5). 

3. Out of environmental and anthropogenic factors, the numbers, species and trophic 
structure of nematode communities are stronglv affected by the succession of plant vegetation, 
excessive or unsufficient soil moisture, soil type, species of cultivated plant. forecrops, age of 
erop. organic fertilization (manuring) and to a smaller extent by mineral fertilization and 
chemical agents for controlling nematodes (nematicides) and controlling other organisms 
(herbicides, pesticides). chemicals contaminating the environment (pollutants, excessive 
fertilization: Tables 2—9). 

4. The greatest number of genera and species of nematodes were found on sites of the 
grassland ecosvstems and on perennial erops. whereas the lowest number in annual crops and in 
some forest with earlv succession stages (Tables 10 and 11). 

. The similarity of biocenotic structure of nematode communities is greater within each 
o than between sites from different ecosystems. This proves that this structure 
depends on the ecosystem (Fig. 6). Crop-fields show greater similarity between themselves than 
sites within the grassłand and forest ec ems (Table 12). 

6. Nematofauna of annual crops and of some types of forest, such as monospecific forest, or 
one in the earliest succession stage. is the least diverse as compared to the fauna of nematodes 
on meadows, pastures. mixed forests and perennial crops (Fig. 7). 

Т. Numbers. biomass and respiratory metabolicm of particular trophic groups differ in 
statistical significance in three ecosvstem types examined (Tables 13—15). 

8. Trophic and dominance structure are different in three ecosystem types (Table 16). 
Phvtophages and pantophages dominate in the grassland ecosystems, bacteriophages and 
phytophages dominate in the crop-field ecosystems, bacteriophages and pantophages — in the 
forest ecosystems (Table 17). Mycophages are most abundant in the forest ecosystems. The 
environment of decomposing plants is homogenous as regards the trophic structure, because it 
consists mainly of bacteriophages. Total contribution of bacteriophages and mycophages 
increases from the grassland ecosvstem, through forest ecosystem to crop-field one, whereas the 
total contribution of pantophages and predators decreases in the same order (Fig. 8). 

9. Mean weight of an individual is the highest in the grassland ecosystems, smaller in the 
forest ecosystems and the smallest in the crop-field ecosystems which proves that the turnover 
of nematodes in agrocenoses is the quickest (Table 18). 

10. There is a relation of nematodes-bacteriophages with environments where decomposing 
of organic matter occurs abundantly. In the case of agrocenoses and cultivated meadows and 
pastures the anthropogenic factors decide about the occurrence of this group (Table 19, Fig. 9). 
There is a relation of nematodes-pantophages and predators with natural or close to natural 
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environments (Fig. 9). | suggest to use the sensitivity of pantophages and predators to the 
interference of man as a bioindicator. The increasing percentage of bacteriophages together 
with mycophages (Table 20) is accompanied by а decreasing percentage of pantophages 
together with predators (Table 21). 

11. The obtained here values of cumulated respiratory metabolism of nematodes stay within 
the broad range of values given in world literature data (Table 22). The consumption of 
nematode community is higher in the crop-field ecosystems (averagely 140 kcal/m* /vear) and 
grassland ecosystems (averagely 130 keal/m?/year) than in the forest ecosystems (averagely 
56 kcal/m?/vear). High and similar values of the consumption of nematodes occurring in 
crop-field and grassland ecosystems are stated despite the dominance of different trophic 
groups; for grassland ecosystems — groups of pantophages with predators and for crop-field 
ecosystems — groups of bacteriophages. None of the trophic groups does attain in the forest 
ecosystems such high absolute consumption values as observed for bacteriophages in crop-field 
and pantophages in the grassland ecosystems (Figs. 10 and 11). 

12. It has been calculated that. directly or indirectly through other organisms. the whole 
nematode community obtains 3.7% energy contained in primary production on the rve crop. 
2.4% on the potato crop and 4.6% on the montane pasture. It has been also estimated that 
nematodes-phytophages obtain from roots 4.2% energy on the гуе crop. 1.4% on the potato 
crop and 10% on the montane pasture. However. the consumption of phytophagous nematodes 
is not a direct indicator of damages which usually are much greater (Figs. 12—14. Table 23). 


9. STRESZCZENIE 


Opracowanie stanowi syntezę badań, których wyniki pochodzą z prac własnych lub ze współautorami i 
zostały wcześniej opublikowane. Parametrami analizowanymi w ustalaniu struktury i funkcji zgrupowań 
nicieni w trzech typach ekosystemów były liczebność, biomasa, metabolizm oddechowy, konsumpcja i 
produkcja poszczególnych grup troficznych. Odrębności zgrupowań nicieni pomiędzy ekosystemami takimi, 
jak trawiasty, leśny i polny poszukiwano analizując strukturę biocenotyczną (stopień podobieństwa i stopień 
różnorodności), strukturę troficzną i funkcje tych zgrupowań (przepływ energii). Niejednorodność zgru- 
powań nicieni glebowych pod względem ich funkcji wynika z udziału w nich bakteriofagów, mikofagów, 
fitofagów, pantofagów i drapieżców. Ocena ilościowa tych grup pozwala scharakteryzować nicienie jako 
komponenty sieci troficznej organizmów glebowych. Przedmiotem rozważań był też wpływ czynników 
środowiskowych i antropogenicznych nz występowanie nicieni. 

Badane stanowiska pochodziły z terenów Polski centralnej, południowej i zachodniej. Dla porównania 
włączono także dwa stanowiska spoza terenu Polski i jedno stworzone sztucznie. W sumie do tego opra- 
cowania posłużyło 31 stanowisk (12 z ekosystemu trawiastego, 10 z ekosystemu leśnego, 8 z ekosystemu 
polnego : I zwane środowiskiem rozkładających się roślin; fig. 1. tab. 1). We wszystkich wyżej wymienionych 
stanowiskach analizowano liczebność zaś biomasę i metabolizm oddechowy w mniejszej ilości stanowisk. 
Większość stanowisk była badana przynajmniej przez okres roku, a próby pobierane co miesiąc. Próby 
glebowe były pobierane laską glebową i ekstrahowane zmodyfikowaną metodą Baermanna. Wyznaczano 
liczebność nicieni należących do 5 grup troficznych (Wasilewska 19710) oraz liczebność rodzajów 
(niekiedy gatunków) wyróżnianych według Goodeya (1963). ich biomasę (metodą Andrássyego 
1956), metabolizm oddechowy (metodą Klekowskiego, Wasilewskiej i Papiińskiej 
1972, 1974), zaś produkcję i konsumpcję obliczano stosując wzór Engelmanna (1966) i założenia 
Kirazawy (1967), iż stosunek asymilacji do konsumpcji wynosi 50%. Stopień różnorodności zgrupowań 
nicieni oceniono za pomocą wskaźnika różnorodności Shannona (Od um 1977). Stopień podobieństwa 
pomiędzy stanowiskami w ekosystemach ustalono za pomocą wskaźnika podobieństwa Marczewskiego i 
Steinhaus (Ro maniszyn 1972) oraz diagramu podobieństwa. Udało się ustalić następujące stwier- 
dzenia i zależności: 

1. Według dotychczasowych danych z literatury i własnych autorki zakres liczebności nicieni glebowych 
waha się od 60 tys. do 30 min osobn./m?, a biomasa od 0.2 do 18 g/m? (fig. 3). Zakres liczebności i biomasy 
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nicieni jest znacznie szerszy w środowiskach naturalnych lub półnaturalnych, a węższy w agrocenozach 
(fig. 3). Wartość najczęściej spotykana w strefie umiarkowanej! na terenach trawiastych leży w zakresie 
1-4 min osobn./m^ , na terenach drzewiastych = 3 min оѕобп./т“, na terenach uprawnych prawie wszystkie 
TOWA obejmują zakres 1 -5 min osobn.. Im? (fig. 4). 

. Zakres liczebności nicieni badanych stanowisk wahał się od 0,5 do 8,5 mln osobn./ /m? a biomasa od 
aa |do 3 g/ m?. Niskie liczebności stwierdzono w glebie śródleśnych łąk ze stagnującą wodą i położonych na 
glebach murszastych, zaś wyższe w glebach zagospodarowanych łąk i pastwisk; wyższe liczebności w borach 
mieszanych i lasach wielogatunkowych z obfitym podszytem niż w lasach jednogatunkowych lub pod- 
mokłych; wyższe liczebności w agrocenozach o intensywnej uprawie niż w rejonach o uprawie mniej 
intensywnej (fig. 3). 

3. Spośród czynników środowiskowych i antropogenicznych istotny wpływ na liczebność, strukturę 
gatunkową i troficzną zgrupowania nicieni wywiera sukcesja szaty roślinnej, nadmierna lub niedostateczna 
wilgotność gleby, zasobność gleby, gatunek uprawianej rośliny, przedplon, wiek uprawy, nawożenie 
organiczne i, w mniejszym stopniu, nawożenie mineralne oraz substancje chemiczne stosowane do zwalczania 
nicieni (nematocydy), do zwalczania innych organizmów (herbicydy, pestycydy) i środki skażenia 
środowiska (pollutanty, przenawożenie) (tab. 2—9). 

4. Największą liczbę rodzajów i gatunków nicieni stwierdzono w środowiskach ekosystemu trawiastego 
oraz w wieloletnich uprawach rolnych, zaś najniższą w uprawach jednorocznych i niektórych środowiskach 
leśnych o wczesnych stadiach sukcesji (tab. LO i L1). 

3. Podobieństwo struktury biocenotycznej zgrupowań nicieni jest większe w obrębie stanowisk każdego z 
ekosystemów niż pomiędzy stanowiskami z różnych ekosystemów. Dowodzi to uzaieżnienia tej struktury od 
ekosystemu (fig. 6). Agrocenozy wykazały większe podobieństwo między sobą niż staqowiska w obrębie 
ekosystemu leśnego i trawiastego (tab. 12). 

6. Nematofauna jednorocznych agrocenoz i niektórych typów lasu, jak las jednogatunkowy czy w naj- 
wcześniejszym stadium sukcesji. jest najmniej różnorodna w porównaniu z fauną nicieni tak, pastwisk, lasów 
mieszanych i upraw wieloletnich (fig. 7). 

7. Liczebność, biomasa i metabolizm oddechowy poszczególnych grup troficznych różnią się sta- 
tystycznie istotnie w trzech badanych typach ekosystemów (tab. 13—15). 

8. Struktura troficzna i struktura dominacji troficznej są różne w trzech typach ekosystemów (tab. 16). W 
ekosystemie trawiastym dominują fitofagi i pantofagi. w ekosystemie polnym — bakteriofagi i fitofagi, w 
ekosystemie leśnym — bakteriofagi i pantofagi (tab. 17). Mikofagi występują najliczniej w ekosystemie 
leśnym. Środowisko rozkładających się roślin jest homogenne pod względem struktury troficznej, gdyż 
składa się prawie wyłącznie z bakteriofagów. Łączny udział bakteriofagów i mikofagów wzrasta od 
ekosystemu trawiastego poprzez leśny do polnego, zas łączny udział pantofagów i drapieżców maleje w 
takiej samej kolejności (fig. 3). 

9. Średni ciężar osobnika jest największy w ekosystemie trawiastym, mniejszy w ekosystemie leśnym i 
najmniejszy w ekosystemie polnym, co świadczy o tym. Ze turnover nicieni w agrocenozach jest najszybszy 
(tab. 18). 

10. Istnieje związek nicieni-bakteriofagów ze środowiskami, w których obficie występuje rozkładająca się 
materia organiczna. W przypadku agrocenoz i zagospodarowanych tąk i pastwisk decydują o występowaniu 
tej grupy czynniki antropogeniczne (tab. 19, fig. 9). 

Istnieje związek nicieni-pantofagów i drapieżców ze środowiskami naturalnymi lub zbliżonymi do natural- 
nych (fig. 9). Autorka proponuje wykorzystanie wrażliwości pantofagów i drapieżców na ingerencję czło- 
wieka jako wskaźnika bioindykacji. Wzrostowi udziału bakteriofagów i mikofagów (tab. 20) towarzyszy 
spadek udziału pantofagów i drapieżców (tab. 21). 

11. Uzyskane w tej pracy wartości kumulowanego metabolizmu oddechowego nicieni mieszczą się w 
szerokim zakresie wartości stwierdzonych dotychczas w „świecie (tab. 22). Konsumpcja zgrupowania nicieni 
była wyższa w ekosystemie poinym (średnio 140 kcal/ m? /rok) i trawiastym (średnio 130 keal/m? (rok) niż w 
ekosystemie leśnym (średnio 56 kcal/m?/rok). Wysokie i podobne do siebie wartości konsumpcji nicieni 
występujących w ekosystemie polnym i trawiastymi powstały mimo dominacji różnych grup troficznych; dla 
ekosystemu trawiastego — grupy pantofagów z drapieżcami i dla ekosystemu polnego — bakteriofagów. 
Żadna z grup troficznych nie osiągnęła w ekosystemie leśnym tak wysokich bezwzględnych wartości 
konsumpcji, jakie obserwuje się u bakteriofagów w agrocenozachi pantofagów w ekosystemie trawiastym 
(fig. 10i 11). 

12. Obliczono, iż do całego zgrupowania nicieni przechodzi bezpośrednio i pośrednio przez inne 
organizmy 3,7% energii zawartej w produkcji pierwotnej na polu żyta, 2,4% na polu ziemniaka i 4,6% na 
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pastwisku górskim. Obliczono również, iż nicienie-fitofagi czerpią z korzeni 42% energii na polu żyta, 1,4% 
na polu ziemniaka i 10% na pastwisku górskim. Jednak konsumpcja nicieni fitofagicznych nie jest bez- 
pośrednim miernikiem szkód, które są zwykle znacznie wyższe (fig. 12—14, tab. 23). 
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